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E-mail address: juergen.stausberg@ibe.med.uni-mIn order to support empirical medical research concerning reuse and improvement of the expressiveness
of study data and hence promote syntactic as well as semantic interoperability, services are required for
the maintenance of data element collections. As part of the project for the implementation of a German
metadata repository for empirical research we assessed the ability of ISO/IEC 11179 ‘‘Information tech-
nology – Metadata registries (MDR)’’ part 3 edition 3 Final Committee Draft ‘‘Registry metamodel and
basic attributes’’ to represent healthcare standards. First step of the evaluation was a reformulation of
ISO’s metamodel with the terms and structures of the different healthcare standards. In a second step,
we imported instances of the healthcare standards into a prototypical database implementation repre-
senting ISO’s metamodel. Whereas the ﬂat structure of disease registries as well as some controlled
vocabularies could be easily mapped to the ISO’s metamodel, complex structures as used in reference
models of electronic health records or classiﬁcations could be not exhaustively represented. A logical
reconstruction of an application will be needed in order to represent them adequately. Moreover, the cor-
rect linkage between elements from ISO/IEC 11179 edition 3 and concepts of classiﬁcations remains
unclear. We also observed some restrictions of ISO/IEC 11179 edition 3 concerning the representation
of items of the Operational Data Model from the Clinical Data Interchange Standards Consortium, which
might be outside the scope of a MDR. Thus, despite the obvious strength of the ISO/IEC 11179 edition 3 for
metadata registries, some issues should be considered in its further development.
 2012 Elsevier Inc. All rights reserved.1. Introduction
Empirical medical research is essential for prevention, diagno-
sis, and therapy of diseases. Conducting empirical medical research
efﬁciently depends on the collection of well-deﬁned and appointed
items, which are essentially stored in database management sys-
tems. Sustaining these data elements, or ‘‘items’’ and their deﬁni-
tions, value lists, and plausibility checks is very time-consuming.
However, these tasks are necessary for the development of item
collections, the deﬁnition of data exchange protocols, the monitor-
ing of data quality, and the ﬁnding of models for statistical data
analysis [1,2]. Maintenance support could, therefore, reduce work-
load in several ways:
 The deﬁnition of item collections could be simpliﬁed by a struc-
tured template appropriate for empirical medical research.ll rights reserved.
ilians-Universität München,
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uenchen.de (J. Stausberg). Item deﬁnitions such as those from former projects as well as
standardized item collections offered by third parties can be
reused.
 A review of item collections improves quality through harmoni-
zation and standardization.
 Controlled vocabularies can be integrated and used as value
lists.
As a result, the development of services for the maintenance of
item collections was deﬁned with a high priority, especially in sup-
port for clinical trials. In a broader view, item collections are de-
noted as metadata, data about the recorded observations in
empirical research. Services offering support in the deﬁnition and
retrieval of item collections are then named metadata repositories
or metadata registries.
A project, funded by the Federal Ministry of Education and Re-
search, was launched in Germany to set up a national metadata
repository (MDR) in order to challenge the problems mentioned
above. In brief, the MDR-project should provide maintenance sup-
port in the deﬁnition and description of item collections as well as
in the reuse of these items when planning and implementing
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logical trials or registries. The expected advantage for researchers
using the German MDR are the reduction of workload and quality
improvements, since they will not have to specify study items
needed from scratch again and again, but will directly access and
select existing high-quality predeﬁned items or even entire mod-
ules of items from the MDR which meet their speciﬁc needs at
the best.
The preparation of this project led the project team to consider
the metamodel of ISO/IEC 11179 Information technology – Meta-
data registries (MDR) as basis of the project’s information model.
ISO/IEC 11179 edition 2 is currently accepted as international
standard.2. Background
ISO/IEC 11179-3: Registry metamodel and basic attributes edi-
tion 2 is used in several projects as the Cancer Data Standards Reg-
istry and Repository (caDSR) [3,4], the Australian Metadata Online
Registry (METeOR, see http://meteor.aihw.gov.au/), the UK cancer-
grid [5], and the United States Health Information Knowledgebase
(USHIK). Furthermore, there are intensive efforts in a revision of
edition 2 (see http://www.metadata-standards.org/ for more de-
tails about the ISO/IEC standard). Our ﬁrst experiences were prom-
ising as well [6].
The National Cancer Institute (NCI, see http://www.cancer.gov/)
manages a set of medical metadata in the caDSR, a system for stor-
ing and maintaining clinical semantic metadata, which is on one of
the major components of the Cancer Common Ontologic Represen-
tation Environment (caCORE). CaDSR mainly uses the package of
ISO/IEC 11179 intended to represent data elements. For the inte-
gration of terminologies, caDSR uses the NCI Thesaurus as a termi-
nology to provide semantic interoperability and an enumerated
value list of the items. CaDSR also extended ISO/IEC 11179 to ﬁt
the requirements of caCORE. METeOR-users are able to create
new deﬁnitions of metadata based on existing elements. In con-
trast to caDSR, METeOR was developed for patient-centered care.
USHIK, a ‘‘metadata registry of health information data element
deﬁnitions, values and information models that enables browsing,
comparison, synchronization and harmonization within a uniform
query and interface environment’’ is managed by the Agency for
Healthcare Research and Quality (see http://ushik.ahrq.gov/). Most
of these MDRs (especially caDSR and USHIK) were implemented
with a relatively large number of extensions or modiﬁcations of
the ISO/IEC 11179 edition 2 deﬁnitions to satisfy organization-
speciﬁc requirements [7].
As part of the implementation of the German MDR we ana-
lyzed whether ISO/IEC 11179 draft edition 3 covers relevant refer-
ence models used in the domain of clinical trials, registries and
electronic health records (EHR). The relevance of the latter for
empirical research is currently being emphasized through the
upcoming single source approach [8]. By covering, we mean the
capability of ISO 11179 draft edition 3 in rendering, describing
and representing the main structural elements of the reference
models. Furthermore, we evaluated the standard’s feasibility of
storing well-established classiﬁcations and terminologies, fre-
quently used as value lists in documentation systems. However,
an overall assessment of ISO/IEC 11179 was outside the scope of
this work. The main emphasis of this paper is on the discussion
of particularities from the considered standards not being covered
by ISO/IEC 11179. From the authors’ point of view, these aspects
are most valuable to understand strengths and weaknesses of a
metadata repository following ISO/IEC 11179 on the one hand,
and to drive the further development of ISO/IEC 111179 on the
other hand.3. Material and methods
3.1. ISO/IEC 11179
ISO/IEC 11179 describes the method of standardizing and regis-
tering data elements to make them understandable and shareable
between organizations or computer systems. Its key concept is the
data element, a unit of data for which deﬁnition, identiﬁcation,
representation, classiﬁcation and permissible values are speciﬁed
by means of a set of attributes [9]. Work on ISO/IEC 11179 is still
going on. We decided to evaluate the Final Committee Draft ISO/
IEC FCD 11179-3 3rd edition (in the following abbreviated as ISO
11179 Ed. 3). The relevant portion of ISO/IEC 11179 for our work
is part 3 ‘‘Registry metamodel and basic attributes’’ [9]. Other parts
elaborate special aspects of a metadata registry or deal with
administrative issues. Elements of ISO 11179 Ed. 3 are highlighted
in italics in the following.
The Data Description package and the Concepts package are parts
of the ISO 11179 Ed. 3 metamodel. In short, the Data Description
package differentiates a concept from a representation layer
(Fig. 1). A concept layer might be established by the identiﬁcation
of men and women as two kinds of persons distinguished by the
karyotype. The data_element_concept person´s sex is established
with the object_class person and the characteristic sex. The value_
domain for sex covers the permissible_values ‘‘male’’ and ‘‘female’’.
Finally, a data_element is deﬁned by the combination of data_
element_concept person’s sex with value_domain hmale|femalei.
All elements of the metamodel can be classiﬁable_items; some are
concepts, e.g. conceptual_domain and data_element_concept. Classi-
ﬁable_items can be related to concepts in the context of a classiﬁca-
tion. A concept_system consists of concepts that could be connected
via a link that has speciﬁc roles for each end (Fig. 2).
Formal deﬁnitions for some key elements of ISO 11179 Ed. 3 are
cited in the following [9]:
 object_class: set of ideas, abstractions or things in the real
world that are identiﬁed with explicit boundaries and
meaning and whose properties and behavior follow the same
rules,
 characteristic: abstraction of a property of an object or of a set
of objects,
 data_element_concept: concept that can be expressed in the
form of a data element, described independently of any partic-
ular representation,
 data_element: unit of data that is considered in context to be
indivisible,
 conceptual_domain: concept that expresses its valid instance
meanings or description.
3.2. Healthcare standards
We considered ﬁve different approaches to evaluate ISO’s regis-
try metamodel in terms of the coverage of healthcare standards
most relevant for empirical research, but avoiding overlaps [10].
The motivation for considering those standards is their relevance
for the description and deﬁnition of data elements. Moreover the
relevance of controlled vocabularies in promoting the standardized
representation and exchange of medical data no longer needs to be
proved. Controlled vocabularies provide semantic deﬁnitions for
collected study data. Thus, focusing on empirical research, it was
important for the work on a national MDR to explore possibilities
of representing and storing classiﬁcations and terminologies using
the metamodels of ISO 11179 Ed. 3. Furthermore, ISO 11179 Ed. 3
itselfs claims to cover classiﬁcations and terminologies with its
Concepts package.
data_clement_concept conceptual_domain 
data_element value_domain 
object_class characteristic 
person´s sex karyotype <men|women> 
sex <male|female> <male|female> 
person sex 
* 
1 
1 1 
* 
* 
* 
* 
* 
0..1 0..1
representation layer 
concept layer 
* 
Fig. 1. Simpliﬁed Data Description metamodel according to ISO 11179 Ed. 3. Each box represents a class of the Uniﬁed Modeling Language (UML) related to other classes
through relationships. Examples are in gray. For its deﬁnition, the data_element_concept ‘‘person´s sex’’ may be associated with zero or one object_class, here with the
object_class ‘‘person’’, and zero or one characteristic, here with the characteristic ‘‘sex’’. The data_element_concept may also be combined with several value_domains resulting
in different data_elements for each combination.
Concept system metamodel region
Concept_System
Concept
Link
Assertion
Relation
Relation_Role
Link_End
1..*
0..*
1..*
0..*
0..*1..*
0..*
2..*
1..*
1..*
1
1
0..*
Fig. 2. Concept systemmetamodel region of ISO 11179 Ed. 3 [9]. The purpose of this
region is to describe concepts and the various relations among them. ISO 11179 Ed. 3
does not differentiate between the representation of classiﬁcations and terminol-
ogies. A concept_system may be a taxonomy, an ontology, or any other termino-
logical system. An assertion is a sentence or proposition in logic which is asserted to
be true. A concept may have zero or more assertions and may be related to several
other concepts through links from a relation.
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The Clinical Data Interchange Standards Consortium (CDISC) is
an organization that deﬁnes platform-independent standards that
support the whole ‘‘clinical research lifecycle’’. CDISC’s Operational
Data Model (ODM) [11] is the most versatile standard of CDISC’s
suite. It is primarily an XML-based transport format deﬁned via
an XML Schema. Additionally, ODM has a powerful underlying data
model that represents (1) all metadata for specifying a clinical
study including events, forms and item deﬁnitions, (2) all clinical
facts about subjects that were acquired during the study plus audit
log entries, (3) administrative information like user accounts and
electronic signatures, (4) reference data that help to interpret the
clinical data, (5) support for versioning, and (6) is extensible by
custom vendor extensions [12]. As an example for the latter, EliLilly and Company is sharing thousands of proven standard items
collected on Lilly case report forms (CRFs) used worldwide with
ODM [13].
3.2.2. Documentation scheme for registries
We selected the documentation scheme proposed by Leiner and
Haux [14] as reference model for registries. A documentation
scheme models items with documentation object classes (e.g.
patient), attributes (e.g. sex), and value sets (e.g. male, female).
Furthermore, we analyzed the item collection of the HIVNET-regis-
try, a registry operated by the competence network on human
immunodeﬁciency virus [15]. This registry follows the Leiner and
Haux documentation scheme and is regarded as an instance of this
reference model.
3.2.3. Reference models for electronic records
Clinical research will beneﬁt from a linkage to electronic re-
cords, for example by improving recruitment rates [8,16]. To cope
with electronic records, we decided to investigate common refer-
ence models. We assumed that if ISO 11179 Ed. 3 is able to cover
common reference models, each implementation of the reference
models would be covered as well. In particular we analyzed the
Reference Information Model (RIM) of Health Level 7 version
2.30 [17,18] and ISO 13606 Health informatics – Electronic Health
Record Communication [19]. For the latter we also considered
material from the openEHR Foundation (cf. http://www.
openehr.org).
3.2.4. Statistical classiﬁcations
EN14463Health informatics –A Syntax to Represent the Content
of Medical Classiﬁcation Systems – ClaML (Classiﬁcation Markup
Language) is an XML-notation that offers a structure for the ex-
change of the majority of hierarchical healthcare classiﬁcation sys-
tems between organizations [20]. Based on the assumption that
ISO 11179 Ed. 3 will cover ClaML, each classiﬁcation being repre-
sented in ClaML could also be represented in ISO 11179 Ed. 3. Addi-
tionally, we analyzed two different statistical classiﬁcations. The
International Statistical Classiﬁcation of Diseases and Related
Health Problems 10th Revision German Modiﬁcations (ICD-10-
GM) [21] is legislatively used for coding diagnoses in German
hospitals and medical practices to support reimbursement and risk
compensation issues. The TNM-system [22] is a well-established
classiﬁcation standard of malignant tumors. Whereas ICD-10-GM
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standards, the TNM-system provides three axes for post-coordina-
tion, T for the local tumor, N for regional lymph nodes, and M for
metastasis. The TNM-notation is complemented with other infor-
mation such as certainty of the diagnosis.3.2.5. Terminologies
Elements of terminologies can be used as building blocks for the
deﬁnition of items. The most comprehensive terminology for
healthcare is SNOMED CT, including 291,205 active concepts,
758,419 active descriptions and 1,207,753 active relationships in
its January 2010 International Release [23].
The Medical Dictionary for Regulatory Activities (MedDRA) is
used for recording adverse events for regulatory activities. The
responsible bodies characterize MedDRA both as terminology and
classiﬁcation system. MedDRA organizes adverse events in ﬁve lev-
els: System Organ Class, High Level Group Term, High Level Term,
Preferred Term (PT), and Lowest Level Term (LLT). MedDRA Version
13.0 contains 18,786 PT and 68,258 LLT [24].
Logical Observation Identiﬁer Names and Codes (LOINC) is a
standardized nomenclature that assigns unique codes for labora-
tory and clinical observations [25]. Initially conﬁned to laboratory
test results, the number of LOINC codes has increased tenfold in
the last 15 years. Concepts in LOINC have two unique identiﬁers,
a numeric code and a fully speciﬁed name composed of the main
six axes from the LOINC database. These are: Component
(e.g. age, glucose), Property (e.g. mass), Time Aspect (e.g. time
point or interval), System (e.g. patient, serum, knee), Scale Type
(e.g. narrative, nominal, ordinal), and Method Type (e.g. estimated,
calculated, measured). A certain LOINC entry is supposed to mea-
sure a distinct entity and vice versa, similar tests with different
LOINC codes will differ in at least one axis.3.3. Framework
The four layer metadata architecture of the Meta Object Facility
(MOF) Speciﬁcation [26] constitutes the framework for the com-
parison of ISO 11179 Ed. 3 with healthcare standards. This archi-
tecture consists of the information layer (layer 0), the modelLayer 0: information
Layer 1: model
Layer 2: metamodel
Layer 3: meta-metamodel
ITEMS
CDISC ODM
Documentation 
scheme
RIM
ISO 136
HIVNET 
register
Fig. 3. Position of the healthcare standards in the metadata architecture (see text for abb
lists on the right. Layer 0 corresponds to the data recorded in clinical trials and other e
evaluate the ability of the ISO 11179 Ed. 3 metamodel to cover healthcare standards welayer (layer 1), the metamodel layer (layer 2) and the meta-
metamodel layer (layer 3). Fig. 3 shows the position of healthcare
standards in the metadata architecture. Data stored in clinical tri-
als or registries are located at the bottom layer 0. Item deﬁnitions
and value lists are elements of the trials’ metadata located at layer
1. Vocabularies can be used as building blocks for these metadata,
either for item deﬁnitions or as value lists. Models of those meta-
data are located at layer 2. From the point of view of a metadata
registry, the metamodel of ISO 11179 Ed. 3 itself is located at layer
2. If vocabularies are used as value lists, the entries of the vocabu-
laries (e.g. classes from a classiﬁcation) are recorded for the obser-
vational units and hence become the trials’ data.3.4. Methods
First step of the evaluation was a reformulation of ISO’s meta-
model with the terms and structures of the different healthcare
standards. In congruence with ISO 11179 Ed. 3 we represented
the reformulated models with class diagrams from the Uniﬁed
Modeling Language. In a second step, we imported instances of
the healthcare standards into a prototypical database implementa-
tion representing ISO’s metamodel. In the ﬁrst step, we considered
syntactical and semantic aspects [27]. In the syntactical compari-
son, we compared the structure and architecture of a healthcare
standard with the structure and architecture of ISO 11179 Ed. 3.
For example we questioned, how do the attributes of each class
of each different structure correspond to each other? In the seman-
tic comparison, we focused on the meaning of data and functions.
We compared the meaning of each class in both structures with
each other as well as the respective context, such as the semantic
relationships among classes. We gave priority to the semantic as-
pects; i.e., we mapped classes with the same meaning and func-
tions even if the structures differed, for example in the number
of attributes. In the Result’s section of each of the ﬁve approaches,
we highlight the mapping for one standard in a separate table.
The authors had alternating roles: CDISC ODM (evaluated by
ML/checked by JS), documentation scheme (JS/SN), reference mod-
els (JS/SN), statistical classiﬁcations (SN, JS/SN, JS), terminologies
(ML, JS/SN, JS). The import was done by SN and checked by JS.VOCABULARIES
06
MedDRA
TNM
ICD-10-GM
LOINC
SNOMED CT
ClaML
reviations). Standards for items are shown on the left, those for concepts and value
mpirical studies. Layer 2 standards can be used to represent metadata. In order to
took into account both layer 1 and layer 2 standards.
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4.1. CDISC ODM
ODM plays an important role with regard to metadata reposito-
ries. ODM item deﬁnitions are composed of meaning and represen-
tation. Thus, we mapped the basic ODM building blocks for the
speciﬁcation of clinical items (ItemDef, MeasurementUnit, and
CodeList) to the ISO 11179 Ed. 3 Data Description package and tried
to construct complete and consistent data elements. Neither the
structure of clinical trials (Study, Protocol, Event, Form, ItemGroup)
nor the representation of their data (facts) lie in the scope of ISO
11179 Ed. 3.
The results were satisfactory: ODM contains just enough infor-
mation to unambiguously match the requirements of the ISO
11179 Ed. 3 core data model. All mandatory classes and attributes
could be matched (Table 1) with one exception: there is no ODM
counterpart for data_element_concept and the optional associations
to object_class and characteristic, respectively. Such conceptual
information about the property of a set of things or ideas that is
being observed is not contained in ODM and will have to be created
manually. A minor issue is that ODM does not explicitly address
described_conceptual_domain nor described_value_domain.
For example, for a study deﬁnition, a patient’s systolic blood
pressure (ItemDef) is stored in ODM with information about the
Question to appear on the CRF (’’What is the subject’s systolic
blood pressure?’’), the CheckValue from the RangeCheck of the
ItemDef and the MeasurementUnit. In ISO 11179 Ed. 3, ‘‘systolic
blood pressure (mm Hg)’’ as a data_element will be related to ex-
actly one described_value_domain which deﬁnes its value range
(e.g.: all integers from 70 to 200) and uses the class unit_of_mea-
sure to deﬁne the value unit (here: mm Hg). The mapping of Ques-
tion in ISO 11179 Ed. 3 remains unresolved. We could not ﬁnd yet
the proper counterpart of the optional sub element of an ItemDef.
ISO 11179 Ed. 3 does not provide for the representation of CRF’s
elements. As a short term solution, we mapped Question to desig-
nation of the created data_element.4.2. Documentation scheme
Translation of the documentation scheme speciﬁcation to the
metamodel of ISO 11179 Ed. 3 is straightforward. DocumentationTable 1
Mapping of CDISC ODM elements to ISO 11179 Ed. 3 elements.
ODM ISO 11179 Ed. 3
ItemDef data_element/designatable_item
Description designation/deﬁnition
Question
ExternalQuestion
RangeCheck described_value_domain
Checked_Value value_domain_description
Alias designation
Context context/namespace
Name designation_sign
MeasurementUnit unit_of_measure
CodeList enumerated_value_domain
CodeListItem permissible_value
Enumerated_Item permissible_value
CodedValue permissible_value.permitted_value
Decode value_meaning
ExternalCodeListobject class as object_class and attribute as characteristic the
data_element_concept is deﬁned. The value set becomes an enumer-
ated_value_domain (Table 2). Proprietary extensions for the HIV-
NET are problematic. On the one hand, the extensions make the
item collection more speciﬁc. Value sets can be deﬁned by refer-
ring to a controlled vocabulary, e.g. by naming the vocabulary’s ob-
ject identiﬁer. For example, the National Association of Statutory
Health Insurance Physicians in Germany maintains a list for topo-
graphical sides with the values R (right), L (left), and B (both sides)
having the object identiﬁer (OID) 1.2.276.0.76.3.1.1.5.1.22. Alterna-
tively to the replication of that list, the OID can be stored in a meta-
data repository. Furthermore, a pointer represents the relation
between different documentation object classes from the depen-
dent (e.g. operation) to the independent object class (e.g. patient).
On the other hand, the extensions support a model driven imple-
mentation. This includes speciﬁc naming conventions for commer-
cial database management systems as well as additional attributes
for electronic data capture systems. Those extensions might be
outside the scope of a metadata repository according to ISO
11179 Ed. 3, whereas some of them will be addressed by upcoming
standards for forms [28].4.3. Information models
The topmost RIM classes, entity, role, participation, and act as
well as their specializations could be represented by the combina-
tion of object_class and characteristic. However, there is no way to
build a complex data_element_concept by combining one object_
class (e.g. patient) and several characteristics (e.g. age and sex). As
a consequence, RIM classes have to be reconstructed from ISO
11179 Ed. 3 representation in the logic of an application. Relation-
ships between RIM classes could not be represented in the Data
Description metamodel due to a missing relationship between
data_element_concepts. Alternatively, one can use links between
concepts from the Concept system metamodel region since concept
is a superclass of data_element_concept. Inheritance is an important
mean in the further reﬁnement of RIM. It is unclear, whether ISO
11179 Ed. 3 supports inheritance between instances of the meta-
data in the same manner as RIM does.
ISO 13606 deﬁnes a hierarchical structure of electronic health
records. The hierarchy (folder, composition, section) could be
realized with the class context in ISO 11179 Ed. 3 Designation andComment
As a data_element, an ItemDef is also a designatable_item, for
designations and deﬁnitions can be applied to it in a speciﬁc
context
A Description of an ItemDef can be mapped to designation or
deﬁnition of a data_element
The correct mapping of Question in ISO 11179 Ed. 3 has not
been cleared up yet
ExternalQuestion is not covered by ISO 11179 Ed. 3
The permitted value of a permissible_value
The reference to an externally deﬁned codelist
(ExternalCodeList) is not covered by ISO 11179 Ed. 3
Table 2
Mapping of documentation scheme elements to ISO 11179 Ed. 3 elements.
Documentation scheme ISO 11179 Ed. 3 Comment
Documentation object class object_class
Attribute characteristic
Value set enumerated_value_domain
S.M.N. Ngouongo et al. / Journal of Biomedical Informatics 46 (2013) 318–327 323Deﬁnition metamodel region. Designatable_items (a generalization of
nearly every class in ISO 11179 Ed. 3) could be assigned to one or
more contexts with a speciﬁc deﬁnition and designation. Entries and
elements from ISO 13606 are realized by the combination of ob-
ject_class (for entry) and characteristic (for element) (Table 3). For
example, the height of a patient is stored in the EHR with informa-
tion about the position for measurement, the device used, and the
point-in-time of the measurement. In ISO 11179 Ed. 3, ‘‘height
measurement’’ as a characteristic of an object class ‘‘patient’’ will
be related to concepts as ‘‘position’’, ‘‘device’’, or ‘‘point in time’’.
The four concepts could be connected with a link having a rolewith
the designation_sign ‘‘measurement template’’. Each end of the link
has its own relation_role, e.g. the connection from ‘‘point in time’’
to the link the relation_role ‘‘describes’’. However, complex objects
are not supported on the representation layer of ISO 11179 Ed. 3
(Fig. 1), nor are clusters such as nested multi-part data structures.
4.4. Statistical classiﬁcations
ClaML supports a strict hierarchical structure of vocabularies
with its elements class, superclass, and subclass. ClaML itself, as
root element for the deﬁnition of the classiﬁcation as a whole, be-
comes a concept_system, whereas its structural elements corre-
spond to concepts (Table 4). The structure of the hierarchy among
the concepts is constructed using the class link. Link relates at least
two concepts via an association class link_end, which also assigns a
relation_role to each end. It is now possible to manage the hierar-
chy with the relation_roles generalization and specialization. For
example (Fig. 4), ‘‘cholera’’ (ICD-10-code: A00) is an ‘‘intestinal
infectious disease’’ (ICD-10-code: A00-A09). Both entries are stored
in ClaML as classes with their respective code and label. The subel-
ement superclass of the class ‘‘cholera’’ points to the code of the
class ‘‘intestinal infectious disease’’, thus deﬁning the relationship
between both classes. In ISO 11179 Ed. 3, ‘‘cholera’’ and ‘‘intestinal
infectious disease’’ as two concepts of the concept_system ‘‘ICD-
10-GM 2008’’ will be related to each other via a link of the relation
‘‘hierarchy’’. In this relationship, the link_endwith ‘‘cholera’’ will be
assigned the relation_role ‘‘is_a’’ and the link_end with ‘‘intestinal
infectious disease’’ the relation_role ‘‘inverse_isa’’.
Since ICD-10 extends a simple hierarchy, there are several
exceptions and rules. For example, ICD-10 allows the coding of aTable 3
Mapping of ISO 13606 elements to ISO 11179 Ed. 3 elements.
ISO 13606 ISO 11179 Ed. 3
EHR Extract context
Extract Criteria
Record Component
Folder context
Composition context
Content
Section context
Entry object_class
Cluster
Element characteristic
Data value value_domaindisease by the combination of classes, e.g. the combination of the
etiology with the localization. Some of these exceptions and rules
are covered by ClaML. At the moment, it remains open whether
these exceptions can be adequately transferred from ClaML to
ISO 11179 Ed. 3.
Relation_role could be used to represent the multi-axial struc-
ture of the TNM-system as well. E.g. a relation_role ‘‘is_part_of’’
from the relation ‘‘aggregation’’ can be used to set up a complete
classiﬁcation based on the axis T, N and M. Considering the repre-
sentation of stage ‘‘pT3’’ for breast cancer, all elements of the TNM-
system became members of a concept_systemwith designation_sign
‘‘TNM-system Seventh Edition’’. ‘‘Pathological classiﬁcation’’ is
member of that concept_system. The concept ‘‘breast’’ is linked via
a link of relation ‘‘site’’ to the concept ‘‘pathological classiﬁcation’’.
‘‘Site’’ is related to the concepts ‘‘tumor’’, ‘‘lymph node’’, and
‘‘metastasis’’ via three links of relation ‘‘aggregation’’. ‘‘Tumor
stage’’ is an enumerated_conceptual_domain having concept ‘‘pT3’’
as one of the value_meanings.
4.5. Terminologies
The core structure of SNOMED CT with three tables, concepts,
descriptions, and relationships, is similar to the Concept system
metamodel region of 11179 Ed. 3. Concepts become concepts,
descriptions become designations and relationships become links.
SNOMED CT represents relationships as directed graph. One has
to add the type of the reverse relationship as additional concept
for ISO 11179 Ed. 3, e.g. by adding ‘‘reciprocal of:hRelationship-
Typei’’, to use these concepts as relation_role (Table 5).
Two attributes remain from the core structure of SNOMED CT
that could not be directly transferred to ISO 11179 Ed. 3. Firstly,
SNOMED CT links together logically associated relationships using
the attribute RelationshipGroup. For example, the SNOMED CT-
concept ‘‘Blood pressure taking (procedure)’’ is related to ‘‘Exami-
nation – action (qualiﬁer value)’’ with RelationshipType ‘‘Method
(attribute)’’ and to ‘‘Anatomical or acquired body structure (body
structure)’’ with RelationshipType ‘‘Procedure site (attribute)’’.
The relationships can be represented in ISO 11179 Ed. 3 as two
links. Then, from the point of view of ISO 11179 Ed. 3, Relationship-
Groups are sets of links. Unfortunately, ISO 11179 Ed. 3 does not of-
fer an option to relate links together. Alternatively, one can model
both SNOMED CT-relationships with a single link, but as a conse-
quence a separate use of both is no longer possible. Secondly,
SNOMED CT supports a terminology-based structured data entry
with the attribute Reﬁnability. This attribute indicates for example
that the SNOMED CT-concept ‘‘Ovarian structure (body structure)’’
can be reﬁned by several more precise concepts like ‘‘Structure of
right ovary (body structure)’’. Both concepts are related with Rela-
tionshipType ‘‘Is a (attribute)’’. A respective construct is not avail-
able in the metamodel of ISO 11179 Ed. 3, because direct support ofComment
Extract Criteria is not covered by ISO 11179 Ed. 3
Record Component is not covered by ISO 11179 Ed. 3
Content is not covered by ISO 11179 Ed. 3
Cluster as combination of several elements is not
covered by ISO 11179 Ed. 3
Table 4
Mapping of ClaML elements to ISO 11179 Ed. 3 elements.
ClaML ISO 11179 Ed. 3 Comment
ClaML (root-element) concept_system
Class concept
Label designation_sign
Code deﬁnition_sign
Modiﬁer A Modiﬁer serves as pointer to the right
subclassiﬁcations to apply to the current class.
Modiﬁer is not covered by ISO/IEC 11179 Ed. 3
ModiﬁerClass ModiﬁerClasses are used in ClaML to build
subclassiﬁcations, which are classes i.e. concepts.
ModiﬁerClass is not covered by ISO 11179 Ed. 3
Concept system metamodel region
Concept_System
Concept
Link
Assertion
Relation
Relation_Role
Link_End
1..*
0..*
1..*
0..*
0..*1..*
0..*
2..*
1..*
1..*
1
1
0..*
ICD -10 -GM 
2008
E10.0
I II III IV V VI XXII…
E00-E07
E14
E10-E14 … E70-E90
E13E12E10 E11
E10.1 E10.9…
Simplified ClaML structure
ClaML
Class
1
0..*
+superclass
+subclass
1
0..*
Hierarchy : is_a / inverse_isa
Fig. 4. Simple illustration of a syntactic and semantic comparison. On the left and right side of the ﬁgure are the simpliﬁed structures of ClaML and ICD-10 to be seen. Both
structures are mapped to the Concept system metamodel region of ISO 11179 Ed. 3 (in the middle). The relationships between ClaML-classes, pointed up with the relation roles
subclass and superclass, are represented in ISO 11179 Ed. 3 with relation, link and relation_role. Some ICD-10-classes of the disease group E10-E14 (Diabetes mellitus) are
shown on the right. The ICD-10-class ‘‘Insulin-dependent diabetes mellitus with coma’’ with code E10.0 corresponds to an ISO 11179 Ed. 3 concept which is related via a link
through the relation ‘‘Hierarchy’’ and the relation_role ‘‘is_a’’ to the ICD-10-class ‘‘Insulin-dependent diabetes mellitus’’ with code E10, represented by another ISO 11179 Ed. 3
concept.
Table 5
Mapping of SNOMED CT elements to ISO 11179 Ed. 3 elements.
SNOMED CT ISO 11179 Ed. 3 Comment
concept_system Value is the release of SNOMED CT
context (a) Value is the release of SNOMED CT
(b) Value is ‘‘Read Codes CTV3’’ as context for Read Codes
Concept concept
SNOMEDID deﬁnition Deﬁnition is associated with the context of the release of SNOMED CT
CTV3ID deﬁnition Deﬁnition is associated with the context ‘‘Read Codes CTV3’’
IsPrimitive assertion
Description designation Designation is associated with the context of the release of SNOMED CT
Term designation_sign
DescriptionType designation_class Designation_class is an association class between designation and context
LanguageCode designation_language
Relationship link
RelationshipType relation_role The reverse relationship must be generated artiﬁcially
CharacteristicType assertion_formula
Reﬁnability Reﬁnability is not covered by ISO 11179 Ed. 3
RelationshipGroup RelationshipGroup is not covered by ISO 11179 Ed. 3
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might think about an explicit link with a relation ‘‘reﬁnement’’ to
cover the SNOMED CT-attribute Reﬁnability.MedDRA organizes its elements in ﬁve levels allowing
multiple parents. So, the preferred term ‘‘Haemorrhagic erosive
gastritis’’ is related both to the high level terms ‘‘Gastrointestinal
S.M.N. Ngouongo et al. / Journal of Biomedical Informatics 46 (2013) 318–327 325haemorrhages’’ and ‘‘Gastric ulcers and perforation’’. As a result,
there are hierarchical links in ISO 11179 Ed. 3 sharing the same
MedDRA element as child concept. Distinctive features of MedDRA
are so-called standardized MedDRA queries (SMQ). MedDRA que-
ries combine PTs and LLTs. Several SMQs could be organized in a
hierarchy. For some SMQs, Boolean rules control the combination
of PTs and LLTs. For example SMQ ‘‘Anaphylactic reaction’’ deﬁnes
4 categories of terms (A, B, C, D) with different relevance to this ad-
verse event. Then the SMQ is fulﬁlled under three conditions, A or
(B and C) or (D and (B or C)). With ISO 11179 Ed. 3, SMQs as simple
collections are handled as concepts. The Boolean rules are added as
assertion and related to the respective SMQ using the associative
relationship assertion_term. This assures the incorporation of the
SMQs into the metadata repository, but solely as free text.
When mapping LOINC entries to ISO 11179 Ed. 3 data elements
we found corresponding classes. A System (e.g. urine) is the funda-
mental object of the measurement and therefore corresponds to
the object_class. Component (e.g., creatinine) is the common prop-
erty and matches characteristic. Both deﬁne the data_element_con-
cept. The type of conceptual_domain and value_domain can be
respectively mapped to described_conceptual_domain and
described_value_domain by default since LOINC hardly deﬁnes
Answerlist, which contains an enumerated list of permissible_val-
ues. The free text attribute conceptual_domain_description of the
described_conceptual_domain class is best described using the
Long_Common_Name and the free text attribute value_domain_
description of the described_value_domain class can be mapped
from Scale Type. The attribute dimensionality of the concep-
tual_domain class is roughly equivalent to Property. Whereas the
value_domain_datatype deﬁning the datatype used for all values
in a value_domain is a mandatory attribute in ISO 11179 Ed. 3,
the corresponding attributes HL7_V2_Datatype and HL7_V3_Data-
type are empty for most LOINC entries. Hence we used the data-
type Text of ISO 11179 Ed. 3 as a default. The attribute
value_domain_unit_of_measure of the value_domain class can be
ﬁlled with values from Example_ Units. Further meaningful impli-
cations are to make LOINC entries (1) designatable_items with
Shortname and Long_Common_Name as human readable designa-
tion.signs, (2) identiﬁed_items with LOINC_Num as the actual
scoped_identiﬁer, and (3) classiﬁable_items using concepts made
from Classtype and Class as classiﬁers.5. Discussion
From the ODM point of view, ISO 11179 Ed. 3 has the limitation
of allowing only a single unit_of_measure where ODM items can
have many. RangeChecks are far more sophisticated in ODM, since
ISO 11179 Ed. 3 uses a simple textual domain_description. The order
of CodeListItem entries can only be preserved by using the generic
slot extension mechanism. This also applies for references to exter-
nal dictionaries or codelists. On the other hand, we could not ﬁnd
an ODM counterpart for data_element_concept, object_class and
characteristic. There are also limitations of ISO 11179 Ed. 3 from
the point of view of EHR reference models that demand an exten-
sion. For example, complex data_element_concepts must be recon-
structed in the logic of an application. Especially from the EHR
point of view, there is a clear need for such a representation to
be compatible with RIM and ISO 13606. Furthermore, ISO 11179
Ed. 3 does not support self-referencing associations between in-
stances of the same class on the representation layer. However,
the value of those has to be further evaluated. Moreover, it remains
unclear, whether ISO 11179 Ed. 3 supports inheritance that is
essential in using the RIM.
With context, ISO 11179 Ed. 3 offers a generic approach for the
grouping of elements, e.g. structures needed to organize an itemcollection or to collect items for a study. The object_class/character-
istic pair in the Data Description metamodel accurately ﬁts to the ﬂat
structure of variables used in documentation systems following
the entity-attribute-value structure or the idea of a documentation
scheme [29]. The appropriate linkage between elements from the
Data Description metamodel and elements of classiﬁcations remains
open. Permissible_values or value_meanings can be related to an ele-
ment from a classiﬁcation represented with the concept class via
the classiﬁer association of ISO 11179 Ed. 3 (Fig. 5). This sometimes
requires a doubling of designations, if there is a 1:1-relationship,
e.g. permissible_value ‘‘Acute myocardial infarction of anterior
wall’’ is classiﬁed_as the concept ‘‘Acute myocardial infarction of
anterior wall (ICD-10 I21.0)’’. It will be worthwhile to supplement
this part of ISO 11179 Ed. 3 with a deﬁnition of an enumer-
ated_value_domain as part of a concept_system. Alternatively, clas-
siﬁcations can be seen as a source for the concept layer of the
Data Description metamodel. This view allows a user-deﬁned selec-
tion of elements of classiﬁcations, e.g. as enumerated_concep-
tual_domains. Coding standards could not be appropriately
transferred to ISO 11179 Ed. 3.
Remnant issues demand a resolution in the logic of a metadata
repository. Some information gets lost each time items or vocabu-
laries are imported from healthcare standards into the metamodel
of ISO 11179 Ed. 3. A reconstruction of the source, e.g. a complete
ODM-ﬁle, will not be possible.
The use of terminology systems for an ontological foundation of
a metadata repository (see [4] for a relevant discussion) is offered
with the Concepts Package of ISO 11179 Ed. 3. In this case, terminol-
ogy systems as SNOMED CT provide the building blocks for the
concept layer shown in Fig. 1. There were only two aspects regard-
ing SNOMED CT that could not be completely represented. Nor did
we ﬁnd any mapping for two of LOINC axes: Time Aspect and
Method Type. We cannot omit these axes since this would result
in structural ‘‘equal’’ data elements having different LOINC codes
(e.g. ‘‘age of a patient’’, LOINC codes 21611-9, 21612-7, 29553-5,
and 30525-0 differ only in Method Type). Without modiﬁcations
of the ISO 11179 Ed. 3 data model, there are only two options to
cope with this issue: to model the instances of these axes (1) as
generic slots or (2) as concepts and assertions. Regarding MedDRA,
the Boolean rules for SMQs could solely be integrated as free text
using assertions.
There are few competitors of ISO 11179 Ed. 3. Integrating the
Healthcare Enterprise (IHE) deﬁnes federated value set repositories
in the proposed Sharing Value Sets (SVS) proﬁle [30]. Being simpler
than ISO 11179 Ed. 3, the SVS proﬁle could be an interface for some
tasks related to metadata registries. However, in its current state,
the SVS proﬁle demands a complex transformation from the meta-
model of ISO 11179 Ed. 3 to the ﬂat lists used. It will be worthwhile
to complement the SVS proﬁle with a reference transformation to
assure a consistent communication with and between ISO 11179
Ed. 3 registries. In our opinion the Common Terminology Services
Release 2 (CTS 2) is a meta-metamodel for vocabularies (layer 3
in Fig. 3). ISO 11179 Ed.3 does not attempt to offer terminology
services. When CTS 2 compatible services become available, it
might be reasonable to connect metadata registries to terminology
servers instead of importing vocabularies. Then, a match is neces-
sary between the Data Description Package of ISO 11179 Ed. 3 and
the CTS 2 conceptual model. Due to missing applications support-
ing the interfacing of metadata registries and CTS 2 compatible ter-
minology servers, we abandon the inclusion of CTS 2 in the
presented work.
5.1. Limitations of the work
A convenience sample of healthcare standards was selected for
this work based on the best knowledge of the authors. It might be
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Fig. 5. Linkage possibilities between the Data Description package and the Concept system metamodel region of ISO 11179 Ed. 3 (extract). An enumerated_value_domain,
which is a value_domain, is made up by a set of permissible_values, which can be used as classiﬁable_item in the concepts package. As a metadata item, a data_element can also
be used as classiﬁable_item in the concepts package. Both ways of linkage unfortunately required a doubling of entries in the repository.
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are generalizable to other information models or controlled vocab-
ularies. Nevertheless, from the point of view of the authors, the
sample is broad enough to cover the domain of empirical medical
research appropriately.
The mapping was done by a single expert and then reviewed by
a second expert. The results are based on the agreement of those
two authors. The reliability was not controlled quantitatively. So,
it is questionable whether other pairs of experts achieve the same
results. However, as far as the authors know, this is the ﬁrst study
comparing healthcare standards with ISO 11179 Ed. 3. Therefore,
the analysis of the reproducibility of our results will be part of fu-
ture work. In case of alternative mappings the choice of the most
appropriate one was left to the authors who were familiar with
ISO/IEC 11179 Ed. 3 and the respective standards.6. Conclusions
The metamodel of ISO 11179 Ed. 3 corresponds to layer 2 of the
four layer metadata architecture. Therefore, it could not play the
role of a meta-metamodel covering ODM, RIM, ISO 13606 and
ClaML completely. Yet, ISO 11179 Ed. 3 will cover instances of such
metamodels to the extent necessary to support the sharing and re-
use of metadata (layer 1 in Fig. 3). However, some limitations of
ISO 11179 Ed. 3 in representing the analyzed healthcare standards
become visible that should be carefully considered in the further
reﬁnement of this standard. Having in mind that a metadata stan-
dard will never be able to cover all peculiarities, these limitations
should be prioritized to decide what should be resolved in the near
future. Independently from the limitations concerning the meta-
model presented here, the MDR-project uses ISO 11179 Ed. 3 be-
cause it provides many useful ideas for the deﬁnition of a
national metadata repository in its current state.Acknowledgments
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